Various factors affecting the random and systematic error in the repeatability and reproducibility of thermoluminescent 6 LiF:Mg,Ti dosimeters were investigated. These characteristics were examined by irradiating them at different doses in the range 3.8 µG to 433.94 mGy from a Cs-137 gamma source. Values of the element correction factors (ECFs) were obtained by exposing the chips to a dose of 433.93 mGy five times. This investigation denotes that more correction will be obtained by calculating the error due to non-subtracting zero dose reading from the delivered dose, which decreases the coefficient of variation as a percentage of the mean from the range of 2.4%-18.6% to only 0.7%-16.9%. Using the individual sensitivity factor and repeating five calibrations decreases the coefficient of variation as a percentage of the mean to only 0.54%. The values of the Variability Index for System (SVI), Reader (RVI) and Detector (DVI) are 1.46 %, 1.40% and 0.34% respectively. Also, it is clear from the results that the best repeatability and reproducibility obtained by using the element correction factor was associated with each dosimeter rather than carefully selecting the individual dosimeters. Finally, from the results, it can be noted that at low doses, the value of relative coefficient of variation becomes very large, while at high doses, it becomes basically constant and of the order of a few percentage.
Introduction
The repeatability of measurements with thermoluminescence dosimeters is one of the most important issues that ought to be taken into account. Moreover, the reproducibility in TL dosimetry should be improved by decreasing the errors associated with the maximum amount as low as possible [1] . The subsequent factors are responsible for determining the dosimetry properties of a TLD system: thermoluminescence reader (PM dark and read out profile), thermoluminescence material (batch quality and batch history) and annealing proceeding calibration irradiation system. Furthermore, the background reading (zero dose) of TLDs plays a very important role in all accurate dosimetry proceedings in order to correct additive doses appearing from alternative supplies as compared to irradiation processes [2] [3] [4] . For performing exact dosimetry, a good knowledge of optimum dosimetry procedures should be available. Energy, rate of pre-irradiation, rate of post-irradiation, annealing, optimum time, time-temperature profile (TTPs) for TLD read out and force field homogeneity are very serious issues in improvement of TLD responses [5] [6] [7] [8] [9] [10] . Plato and Miklos explained in detail how to create and calibrate a TLD system for radiation observation [11] .They supported the estimation of ECFs for personal dosimetry, and they gave proceedings for how to produce element coefficient factors for thermoluminescence dosimeters system where the reproducibility of a set of TLD dosimeters can be improved by these proceedings, also the relative coefficient of variation will be decreased. The main benefit of using individual coefficient factors through thermoluminescence dosimetry is that deviations that were represented by these element coefficient factors are deviations within the TL elements and not deviations caused by stability problems with the TLD reader. Moreover, the results of reproducibility are also dependent on the irradiation dose.
Burkhardt and Piesh [12] studied the reproducibility of TLD systems. They calculated the relative coefficient of variation of the thermoluminescence readings as a function of the dose received by 10 dosimeters, and presented it graphically as a function of the dose. They were able to present the results by a two-parameter fit of the form:
(1) Where A is the absolute relative coefficient of variation at very low doses in dose units and B is the relative coefficient of variation at a high dose in reader units. A slight difference in the mathematical expression for the dependence of relative coefficient of variation on the dose received by the detectors has been developed by Zarand and Polgar [13] [14] . They found that in some experimental situations, the relative coefficient of variation of the data could be presented more accurately by the expression:
An additional term 1 kD appears in this formula, where D refers to the absorbed dose as in the prior formula while k is a constant showing the conversions factor of photoelectron-to-dose. This study aims at examining the repeatability and reproducibility of the response of 6LiF:Mg,Ti thermoluminescent detector and investigating the variability of the whole thermoluminescence system (SVI) and individually to investigate the variability of the thermoluminescence reader (RVI) and the variability of the thermoluminescence dosimeters (DVI).
Material and methods
Ten dosimeters of 6 LiF:Mg,Ti (TLD-600) with dimensions 3.2×3.2×0.89 mm 3 were used in this experiment. When not being read or irradiated, the TLDs were stored in dark at room temperature. Glow curves were obtained using TL-readout system of the type Harshaw 4500, manufactured by Harshaw chemical company in Ohio, USA. The dosimeters were annealed in an oven at 400 ºC for 1 hour, and then were cooled down in the opened oven till reaching a temperature of ~60 ºC. The oven was then closed and heated up to 100 ºC for 2hours and the dosimeters were then cooled down in air. The dosimeters had the pre-and postirradiation readings at heating rate of 3 o C/sec over the temperature readout range of 100-400 o C. Irradiation was performed at room temperature using 137 Cs gamma source model GB-150 with an original activity of a thousand Ci manufactured by the Atomic Energy of Canada Limited and designed for use in a shielded room. For irradiation, the TLDs were irradiated at doses of 3.8, 19.0, 45.4, 75.7, 189.2, and 435.1 μGy, and 3.894, 19.470, 38.939, 43.394, 86.788, 216.969 and 433.94 mGy from the gamma source with the help of different thickness of lead sheets. TL dosimeters were annealed, and kept in the dark. All dosimeters were grouped together in one unit composed of 10 dosimeters of TLD-600 detector. The experimental proceedings consisted of two basic steps. First: the readings of zero doses were carried out for all chips. Second: the ten chips were grouped together and irradiated with a welldefined radiation dose from 137 Cs gamma supply. These procedures were repeated five times in identical manner. To omit the impact of methodical error in TLD responses, the repeatability of element correction factor (ECF) was examined, which was a relative dose. The repeatability of TLD-600 response was calculated as a function of the absorbed dose using the following formula [15] :
Where M is the area under the glow curve from 100 -400 o C and is the average of all readings all over the five cycles and σ is the standard deviation. The coefficient of variation can be defined as the system variability index (SVI). It is the mean value of the coefficient percentage of variation of every TL detector and this amount provides a reproducibility of the whole system, reader variability index (RVI), which is the percentage of coefficients of mean value of the variation of every cycle of readings and this amount provides a long term reader reproducibility and detector variability index (DVI) and this amount provides a reproducibility of the TL detectors and it is defined as:
The variation of the coefficient of variation S(D) of the TL readings for different doses D can express the reproducibility of a TLD system. The formula (1) often expresses this variation.
Results and discussion
A visual checking of the TLDs samples showed that there were no chips suffering a visible physical harm. All chips had no missing corners, no heavy scratches and no stains. Therefore, during this study, the effect of the physical damage on the accuracy of the TLD system was not discussed. There were no thermoluminescence dosimeters having multiple measurements, so far, the sample which have been a result of coefficients unconcerned to the precise TLD. For instance, high values might be a result of the burning of dust on the planchet. The low values might be a result of unsuitable placement of the thermoluminescence dosimeter on the planchet, inflicting the thermoluminescence dosimeter not be heated the maximum amount to supply a full signal. Figure (1) shows the percentage of sample coefficient of variation for each TLD dosimeter. The data was presented in this Figure without subtracting zero dose reading. This Fig. shows that the relative coefficient of variation (CV%) reached a value of 3.93% for TLD-600 dosimeters which is less than 7.5% for all TLDs as in formula 3. This value is not accepted for primary standard dosimetry lab (needs to be ≤ 1.5 %) or secondary standard dosimetry lab (needs to be ≤ 3.5 %). To reduce the coefficient of variation the zero doses from the data represented in Fig. (1) should be substracted. The result is shown in Fig. (2) which presents the percentage variation for the element correction factor (ECF) of each TLD after subtracting zero doses from the data. Figure ( 2) shows that the maximum value of the relative coefficient of variation (CV%) of element correction factor (ECF) is 2.37% for TLD-600 dosimeters which is less than 3.932 as shown in Fig. (1) .
Element correction factors

Fig. (1): The percentage sample coefficient of variation (CV%) for each TL dosimeter
To omit the impact of systematic error in TLD responses, the repeatability for each chip from the ten chips was examined to obtain the element correction factor. Once, a correction of dosimeters readings was done, these data indicates a relative decrease in the standard deviation of further irradiations. From the obtained result, it was found that the deviation of data decreased after utilizing the element correction factor of 0.54% as shown in Table ( 1) . Table ( 1) presents the corrected readings of ten thermoluminescence dosimeters exposed to identical dose of 433.9 mGy from Cs-137 gamma source. This proceeding has been performed over identical five cycles. A statistical method was used to calculate the repeatability and reproducibility of TLD-600 dosimeters system. The average, the standard deviation and the covariance for each corrected reading over the five cycles were calculated. Fig. (2) : The percentage variation for the element correction factor (ECF) of each TLD should be applied before calculating the average of different TLD chips. Figure ( 3) shows the standard deviation percentage of ten TLDs count before subtracting the background (blue), after subtracting the background (red) and applying element correction factor (ECF) (gray). It was noted that with repeating of the identical procedures (irradiation, annealing, and reading out) additional times, the deviation of the cumulative mean of all chips decrease across all irradiations, as illustrated in Fig. (3) .
Reproducibility measurements a) Calculation of the system variability index (SVI):
The variability of TLDs system (SVI) can be presented by the mean value of the coefficients of variation of every TL dosimeter expressed in %. Figure (4) shows the system variability index (SVI) for the mean value of the count, the mean net after subtracting the background and corrected net mean value. The data presented in Fig. (4) are for average of ten dosimeters.
Calculation of reader variability index (RVI)
The variability of reader variability index (RVI) can be expressed by the coefficients percentage of mean value of the variation of every cycle of readings and this amount provides a long term reader reproducibility. The mean corrected readings for each cycle are shown in last row of Table (2) . By determining the coefficients percentage of variation of these results the variability index (RVI) of the TL reader only could be obtained.
Figure (5) shows the TL reader variability index (RVI) for the mean value of the count, the mean net after subtracting the background and corrected net mean value. The data shown in Fig. (5) represents average of 5 cycles as shown in Table   ( 2). The values presented in Figs. (4 and 5) are nearly the same.
Calculation of the variability index of the detectors (DVI)
From the obtained result for the system variability index (SVI) and TL reader variability index (RVI), the detector variability index (DVI) could be obtained using the formula 4. Figure (6) shows the values of (SVI), (RVI) and (DVI) for the mean value of the count, the mean net after subtracting the background and corrected 
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net mean value. From Fig. (6) it is clear that the applying of the element correction factor dramatically reduces the percentage variation for the detector.
Relative standard deviation versus dose
The variation of the coefficient of variation S(D) of the TL readings at different doses D can express the reproducibility of a TLD system. The rows 2, 3 and 4 of Table ( 3) show the experiential relative of coefficients of variation S(D) at every dose D before and after subtracting of zero and correction TL readings. The coefficients A, B such that the theoretical plot from formula (1) fit the experimental data. From the 2 nd row of Table ( 3) it appears that the coefficient of variation becomes constant at large doses and has a value of 1.4% and this result matches with formula (1) which referred to the same result. 
Conclusion
This investigation denotes that more correction will be obtained by calculating the error due to non-subtracting of the zero-dose reading from the delivered dose, which decreases the coefficient of variation as a percentage of the mean of set from the range of 2.4%-18% to only 0.7%-16.9%. After one calibration, the precision of sample measured standard deviation is approximately 2.1%. This value was reduced to 0.58% after three calibrations.
The results indicate that the values of variability index of the system (SVI), the reader (RVI) and the detector (DVI) are 1.46%, 1.40% and 0.34% respectively and it is apparent that the best repeatability and reproducibility are going to be obtained by using the individual sensitivity factors associated to each dosimeter rather than by carefully selecting the individual dosimeters. From the results, it can be noted that at low doses, the value of relative coefficient of variation becomes very large while at high doses, it becomes basically constant and of the order of a few percentage.
It is necessary to note that the results which are obtained in this study, may not apply as well to other kinds of thermoluminescent detectors. However, a comparable error analysis could be performed with other different detectors.
